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Abstract
Purpose:  To  evaluate  the  diagnostic  value  of  indirect  ultrasound  signs  during  acute  appendicitis.
Patients  and  methods:  Our  retrospective  study  lasted  5  years,  from  May  2005  to  April  2010.
It concerned  620  cases  of  appendectomy  performed  following  prior  ultrasound  examination  of
the right  iliac  fossa  (RIF).  In  448  cases,  ultrasonography  clearly  showed  the  appendix,  which
was inﬂamed.  The  presence  of  indirect  signs  of  appendix  inﬂammation  without  visualisation  of
the appendix  was  conﬁrmed  by  ultrasound  examination  in  160  cases.  In  12  cases,  the  appendix
was not  visualised  nor  were  there  any  indirect  signs  on  the  ultrasound  image.  The  indirect
signs involved  were  hypertrophy  of  the  peritoneal  fat  (HPF),  pain  caused  by  compression  on
exploration  of  the  right  iliac  fossa,  and  localised  hypokinesia  in  the  digestive  loops  (LHL).  We
compared  the  results  found  by  ultrasonography  with  the  operative  and  anatomical  pathology
reports.
Results:  The  positive  predictive  value  of  the  indirect  signs  of  appendicitis  on  the  ultrasound  scan
was 95.8%  if  the  three  indirect  signs  were  associated,  87.5%  for  the  association  of  pain  and  HPF,
45.8% for  the  association  of  pain  and  LHL,  and  25%  if  there  was  just  pain.  The  negative  predictive
value of  the  indirect  signs  of  appendicitis  on  the  ultrasound  scan  was  57.2%  if  the  three  signs
were associated,  65.9%  for  the  association  of  pain  and  HPF  and  60.7%  for  the  association  of  pain
and LHL,  with  83.3%  for  pain  alone.  The  sensitivity  of  the  indirect  signs  was  83.9%  if  the  three
signs were  associated,  31.8%  for  the  association  of  pain  and  HPF,  50%  for  the  association  of  pain
and LHL,  and  50%  if  there  was  just  pain.  The  speciﬁcity  of  the  indirect  signs  was  85.7%  if  the
three signs  were  associated,  96.7%  for  the  association  of  pain  and  HPF,  56.7%  for  the  association
of pain  and  LHL,  and  62.5%  if  there  was  just  pain.
Conclusion:  When  tomodensitometry  cannot  be  performed  and  the  appendix  is  not  visible  on
ultrasound  examination,  indirec
in populations  in  which  appendic
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teaching  hospitals.  Epidemiological  data  (age,  sex)  and  the
reason  for  the  ultrasound  examination  were  noted  on  the
ultrasound  reports.  In  total,  620  patients  were  included  in
our  study.The  diagnostic  value  of  indirect  ultrasound  signs  during  acut
Acute  appendicitis  is  deﬁned  as  inﬂammation  of  the
appendix  that  has  been  evolving  for  less  than  a  week.  It
is  a  very  common  condition,  treatment  of  which  necessi-
tates  a  surgical  procedure  by  laparotomy  or  coelioscopy
[1—3].  Its  prognosis  is  usually  good.  However,  a  great  many
complications  can  arise  if  treatment  is  not  undertaken  very
quickly,  hence  the  importance  of  early  diagnosis  of  this
condition.  Based  for  a  long  time  on  clinical  symptoms,  diag-
nosis  of  appendicitis  has  been  challenged,  partly  due  to
the  large  number  of  unnecessary  laparotomies  performed
but  particularly  owing  to  technical  developments  in  imaging
(1.3),  which  nowadays  has  a  major  role  in  the  management
of  appendicitis.  Imaging  is  used  to  produce  a  positive  and
topographical  diagnosis  of  this  condition.  It  is  also  of  use  in
deciding  how  to  operate  on  the  appendicitis,  by  revealing
signs  of  complications.  The  diagnostic  protocol  for  imag-
ing  appendicitis  is  very  speciﬁc  and  involves  visualising  the
appendix  and  measuring  its  maximum  external  diameter  or
the  thickness  of  its  wall  [4].  The  prime  imaging  method  is
ultrasonography.  When  an  ultrasound  examination  does  not
help,  tomodensitometry  (CT)  will  be  requested  [1,5]. CT  is
a  source  of  irradiation  and  must  be  used  with  considerable
caution  in  pregnant  women  and  children,  and  in  developing
countries,  it  is  very  expensive  and  is  often  not  available  in  an
emergency.  Ultrasonography  is  therefore  the  only  imaging
method  that  is  available  and  totally  effective  in  diagnos-
ing  acute  appendicitis.  When  the  inﬂamed  appendix  is  not
visible  on  the  ultrasound  image,  certain  so-called  indirect
signs  [6]  can  be  considered  to  suggest  the  diagnosis.  These
signs  are  sharp  localised  pain  at  the  tip  of  the  probe  on
exploration  of  the  right  iliac  fossa  (RIF),  hypertrophy  of  the
peritoneal  fat,  and  localised  reduction  in  intestinal  peri-
stalsis.  Our  study  aimed  to  evaluate  the  diagnostic  value
of  these  indirect  ultrasound  signs  in  non-complicated  acute
appendicitis.
Patients and methods
Our  retrospective  study  lasted  5  years.  It  was  undertaken  in
the  university  hospitals  (teaching  hospitals)  of  Yopougon  and
Treichville  (Abidjan,  Cote  d’Ivoire)  from  May  2005  to  April
2010.  It  included  all  the  patients  who  had  an  appendectomy,
following  an  ultrasound  examination  of  the  RIF  during  the
study  period.  The  patients  included  had  to:
• have  undergone  surgery  for  non-complicated  appendici-
tis;
• have  an  operative  report  and  a  complete  anatomical
pathology  examination;
• have  a  very  detailed  ultrasound  report  specifying  whether
the  appendix  could  be  visualised  or  not,  its  topography,
its  maximum  external  diameter  and  giving  information
about  the  periappendicular  region.  If  the  appendix  could
not  be  seen,  there  had  to  be  a  mention  of  looking  for
indirect  signs.  These  indirect  signs  were  hypertrophy  of
the  peritoneal  fat  (HPF),  pain  caused  by  compression  on
exploration  of  the  RIF,  and  localised  hypokinesia  of  the
digestive  loops  (LHL).Patients  were  excluded:
• who  had  complicated  appendicitis  (an  appendix  mass,  an
abscess  or  perforation)  discovered  on  ultrasound  exami-
nation  or  per-operatively;
F
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whose appendix  was  located  subhepatically  or  in  situs
inversus;
who  had  no  or  only  incomplete  operative,  anatomical
pathology  or  ultrasound  reports.
The  ultrasound  examinations  were  conducted  by  senior
octors,  using  equipment  of  the  brand  Logic  200  and  500
ade  by  General  Electric.  This  equipment  was  ﬁtted  with
wo  low  frequency  probes  (3.5  to  5  MHz)  and  two  high
requency  probes  (7.5  to  11  MHz).  The  examinations  con-
isted  ﬁrst  of  all  of  analysing  the  entire  abdomen  using  the
ow  frequency  probe.  Then  the  RIF  was  more  speciﬁcally
nd  thoroughly  explored  using  both  sensors.  The  position
f  the  appendix  was  established  using  Puylaert’s  gradual
ompression  method  [7].  When  it  had  been  found,  its  max-
mum  external  diameter  was  systematically  measured  [4].
he  ultrasound  examination  then  consisted  of  exploring  the
eriappendicular  environment,  assessing  the  periappendic-
lar  fat,  the  mobility  of  the  digestive  loops  and  looking  for
ossible  complications  (effusion  of  intraperitoneal  ﬂuid,  an
bscess  collection  (Fig.  1))  or  pain  speciﬁcally  at  the  tip  of
he  probe.  Acute  appendicitis  was  diagnosed  when  the  maxi-
um  external  diameter  of  the  appendix  was  greater  or  equal
o  6  mm  and  the  appendix  was  painful  and  incompressible
nd  associated  with  hypertrophy  of  the  periappendicular
at  (Fig.  2).  When  the  appendix  could  not  be  seen,  it  was
oncluded  that  there  were  indirect  signs  of  appendicitis  if
peciﬁc  pain  was  noted  in  the  RIF  as  the  ultrasound  probe
as  passed  over  it,  if  there  was  reduced  digestive  peristal-
is,  and/or  if  there  was  thickening  of  the  periappendicular
at.
All  the  appendectomies  were  performed  by  laparotomy
ith  an  incision  at  McBurney’s  point.  The  surgical  decision
epended  solely  on  the  surgeon  and  did  not  always  take  the
esult  of  the  ultrasonography  into  account.  For  our  study,
e  compared  the  results  found  by  ultrasound  (noted  on  the
ltrasound  reports)  with  the  results  found  on  laparotomy
noted  in  the  operative  and  anatomical  pathology  reports).
he  latter  were  provided  to  us  by  the  general  and  diges-
ive  surgery  departments  of  the  Yopougon  and  Treichvilleigure 1. Ultrasound image of the right iliac fossa using a 3.5 MHz
robe showing an appendicular abscess (arrow).
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Figure 2. Thirty-year-old patient. Ultrasound image of the right
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appendix.liac fossa using a 7.5 MHz probe and showing inﬂammatory thick-
ning of the appendix. Its maximum external diameter measures
0 mm. The peritoneal fat is hypertrophic (arrow).
esults
he  mean  age  of  the  patients  was  29  years  with  extremes
f  15  and  45  years.  Appendicitis  dominated  in  the  25  to
0-year-old  age  group  (25%).  The  sex  ratio  was  1.03.  The
ndications  for  ultrasound  examination  were  dominated  by
ain  in  the  RIF  (70%)  followed  by  generalised  abdominal  pain
20%)  and  abdominopelvic  pain  (10%).
The  ultrasound  images  of  the  620  patients  included  in
ur  study  (Table  1)  showed  the  appendix  to  be  inﬂamed  in
48  cases  (72.3%).  The  appendix  could  not  be  seen  in  172
ases  (27.7%)  and  looking  for  indirect  signs  of  appendicular
nﬂammation  in  these  patients  revealed:
no  indirect  sign  of  appendicular  inﬂammation  in  12  cases
(7%);
Table  1  Appearance  of  the  appendix  in  ultrasound  images  c
anatomical  pathology.
Results  of  ultrasonography  of  the  right
iliac  fossa  prior  to  surgery
Appearance  of  the  appendix Numbers
Appendix  visualised  and  inﬂamed  (direct  signs) 448  
Appendix  not  visualised  172  
0  indirect  sign  12  
1  indirect  sign  (paina)  8  
2  indirect  signs  32  
Pain-HPF  8  
Pain-LHL  24  
3  indirect  signs  (Pain-HPF-LHL)  120  
Total  620  
HPF: hypertrophy of the peritoneal fat; LHL: localised hypokinesia of th
the indirect ultrasound signs of appendicular inﬂammation can be usef
particularly when the three indirect signs are present on the ultrasoun
a Pain caused by the pressure of the probe on the right iliac fossa.N.  Kouamé  et  al.
one indirect  sign  alone  (pain)  in  eight  cases  (4.6%);
the  association  of  two  indirect  signs  in  32  cases  (18.6%),
(24  cases  [75%]  of  pain  +  LHL  and  eight  cases  [25%]  of
pain  +  HPF);
the  association  of  three  indirect  signs  in  120  cases  (69.8%)
(pain  +  LHL  +  HPF).
Following  laparotomy,  the  results  of  the  operative  and
natomical  pathology  reports  were  as  follows:
the  448  cases  of  appendicitis  seen  by  ultrasound  (100%)
were  conﬁrmed  on  laparotomy  and  anatomical  pathology
examination;
of  the  120  patients  showing  three  indirect  signs  on  ultra-
sound:
◦ 115  patients  (95.8%)  had  inﬂammatory  appendicitis,
only  eight  (7%)  of  which  were  located  anterior  to  the
psoas  while  107  cases  (93%)  were  posterior  to  the  cae-
cum,
◦ The  ﬁve  (4.2%)  other  patients  each  had  a  normal
appendix  but  they  underwent  a  prophylactic  appendec-
tomy.  The  ultrasound  signs  were  related  in  two  cases  to
typhoid  ileitis  and  in  three  cases  to  lymph  node  tuber-
culosis;
of  the  32  patients  who  showed  two  indirect  signs  of
appendicitis,  the  laparotomy  and  anatomical  pathology
examination  revealed:
◦ 18  cases  of  appendicitis,
◦ 14 cases  of  a  normal  appendix.
In  the  cases  where  pain  and  HPF  were  associated:
— seven  patients  had  appendicitis,
— one  patient  had  typhoid  ileitis  with  a  healthyAs  regards  the  association  of  pain  and  LHL,  there
were:
— 11  cases  of  appendicitis,  and
ompared  with  the  appearance  found  on  laparotomy  and
Results  from  surgery  and  anatomical  pathology
reports  for  the  same  patients
Inﬂamed  appendix  Normal  appendix
Numbers  %  Numbers  %
448  100  —  —
137  79.7  35  20.3
2  16.7  10  83.3
2  25  6  75
18  56.3  14  43.7
7  87.5  1  12.5
11  45.8  13  54.2
115  95.8  5  4.2
585  94.4  35  5.6
e digestive loops; in a population highly disposed to appendicitis,
ul. In our study, the true positive rate overall is 79.7% and 95.8%
d image.
The  diagnostic  value  of  indirect  ultrasound  signs  during  acute  ad
—  13  cases  where  the  appendix  was  normal,  including
two  cases  of  adenitis;
• among  the  eight  patients  operated  whose  only  indirect
sign  on  ultrasound  was  pain,  surgery  and  the  anatomical
pathology  examination  found:
◦ two  cases  of  appendicitis,
◦ six cases  of  a  normal  appendix;
• of  the  12  patients  who  presented  no  direct  or  indirect  sign
and  whose  appendix  could  not  be  visualised:
◦ two  patients  had  appendicitis,
◦ 10  had  a  healthy  appendix.
The  positive  predictive  value  (Tables  2—5)  of  the  indirect
signs  of  appendicitis  observed  on  ultrasound  was:
• 95.8%  for  association  of  the  three  indirect  signs;
• 87.5%  for  association  of  pain  and  HPF;
• 45.8%  for  association  of  pain  and  LHL;
• 25%  for  the  presence  of  pain  alone.
Table  2  The  diagnostic  value  of  association  of  the  three
indirect  signs.
Appendicitis  No  appendicitis
3  signs  +  115  5
3  signs  −  22  30
Positive predictive value: 95.8%; negative predictive value:
57.2%; sensitivity: 83.9%; speciﬁcity: 85.7%.
Table  3 The  diagnostic  value  of  the  association  of  pain
and  hypertrophy  of  the  peritoneal  fat.
Appendicitis  No  appendicitis
2  signs  + 7 1
2  signs  − 15 29
Positive predictive value: 87.5%; sensitivity: 31.8%; negative
predictive value: 65.9%; speciﬁcity: 96.7%.
Table  4  The  diagnostic  value  of  the  association  of  pain
and  localised  hypokinesia  in  the  digestive  loops.
Appendicitis  No  appendicitis
2  signs  +  11  13
2  signs  −  11  17
Positive predictive value: 45.8%; sensitivity: 50%; negative
predictive value: 60.7%; speciﬁcity: 56.7%.
Table  5  The  diagnostic  value  of  pain  in  the  right  iliac
fossa.
Appendicitis  No  appendicitis
Sign  + 2  6
Sign  −  2  10
Positive predictive value: 25%; sensitivity: 50%; negative
predictive value: 83.3%; speciﬁcity: 62.5%.
s
•
•
•
•
•
•
•
•
•
•
•
•
D
T
n
[
n
h
a
a
i
p
ﬁ
i
d
r
u
s
[
(
n
s
a
l
l
s
u
r
s
u
g
i
d
g
d
p
p
c
e
R
c
(
a
tult  appendicitis  e27
The  negative  predictive  value  (Tables  2—5)  of  the  indirect
igns  of  appendicitis  observed  on  ultrasound  was:
57.2%  if  the  three  signs  were  associated;
65.9%  if  pain  and  HPF  were  associated;
60.7%  if  pain  and  LHL  were  associated;
83.3%  for  pain  alone.
The  sensitivity  (Tables  2—5)  of  the  indirect  signs  was:
83.9%  if  the  three  signs  were  associated;
31.8%  if  pain  and  HPF  were  associated;
50%  if  pain  and  LHL  were  associated;
50%  for  pain  alone.
The  speciﬁcity  (Tables  2—5)  of  the  indirect  signs  was:
85.7%  if  the  three  signs  were  associated;
96.7%  if  pain  and  HPF  were  associated;
56.7%  if  pain  and  LHL  were  associated;
62.5%  for  pain  alone.
iscussion
he  value  of  medical  imaging  in  diagnosing  appendicitis
o  longer  needs  to  be  proved.  According  to  the  literature
6,8],  the  sensitivity  and  speciﬁcity  of  ultrasound  exami-
ations  varies  from  90  to  95%.  These  values  are  a  little
igher  for  CT  [8].  This  ability  of  imaging  has  brought  the
ge  of  Mondor  to  an  end,  an  age  in  which  clinical  symptoms
nd  diagnostic  doubt  recommended  surgery  and  resulted
n  a  considerable  number  of  unnecessary  laparotomies  and
rophylactic  appendectomies  [3,9]. Ultrasonography  is  the
rst-line  examination  if  appendicitis  is  suspected.  Despite
ts  high  value,  it  is  nevertheless  still  an  examination  that
epends  on  an  operator  [1]  who  needs  to  be  very  expe-
ienced.  In  our  study,  the  ultrasound  examinations  were
ndertaken  by  very  well-trained  senior  radiologists.  Ultra-
ound  examination  of  the  RIF  does  however  have  its  limits
1],  which  are  related  to  factors  concerning  the  patient
obesity,  parietal  scars),  to  underlying  conditions  (intesti-
al  gas)  or  to  atypical  location  of  the  appendix.  In  our
tudy,  93%  (107  cases)  of  the  difﬁculties  in  identifying  the
ppendix  were  related  to  it  being  retrocaecal.  This  ectopic
ocation  of  the  appendix  has  already  been  described  in  the
iterature  as  a  source  of  diagnostic  difﬁculty  with  ultra-
onography  [10,11],  and  because  of  these  weaknesses  of
ltrasound  examination,  some  practitioners  have  had  to
esort  to  second-line  CT  [1,5]. In  the  absence  of  CT,  we  have
ought  certain  usual  signs  that  are  associated  with  appendic-
lar  inﬂammation,  which  we  have  called  ‘‘indirect’’  signs,
iven  that  the  only  direct  sign  of  appendicitis  in  imaging
s  visualisation  of  the  appendix,  with  a  maximum  external
iameter  greater  than  6  mm  or  maximum  parietal  thickness
reater  than  3  mm  [4].  The  signs  that  accompany  appen-
icular  inﬂammation  are  pain  in  the  RIF,  thickening  of  the
eritoneal  fat  (Fig.  2)  and  localised  reduction  in  intestinal
eristalsis  (hypokinesia  of  the  digestive  loops).  Certain  less
onsistent  signs  indicate  a  complication  of  the  pathology,  for
xample  an  effusion  of  intraperitoneal  ﬂuid  located  in  the
IF  that  may  indicate  appendicular  perforation.  Other  cases
ould  show  an  abscess  ﬁlled  with  a variable  amount  of  pus
Fig.  1)  or  an  appendix  mass.  The  ﬁrst  three  indirect  signs
re  those  we  evaluated,  and  with  them,  our  study  revealed
he  following  diagnostic  performance:  a  positive  predictive
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alue  of  95.7%,  a  negative  predictive  value  of  57.2%,  sen-
itivity  of  83.9%  and  speciﬁcity  of  85.7%.  These  ﬁgures  are
omparable  with  those  of  large  ultrasound  series  with  visu-
lisation  of  the  inﬂamed  appendix  [12], at  least  for  positive
redictive  value,  speciﬁcity  and  sensitivity.  If  the  three  signs
ere  not  associated,  hypertrophy  of  the  peritoneal  fat  was
he  most  speciﬁc  sign  (96.7%)  and  the  sign  with  the  highest
egative  predictive  value  was  the  pain  caused  by  compres-
ion  on  exploration  of  the  right  iliac  fossa  (83.3%).
Despite  the  simultaneous  presence  of  the  three  main
igns,  in  ﬁve  cases  out  of  120  (4%),  a  diagnostic  error  was
ade  and  an  unnecessary  laparotomy,  with  its  corollary  of
rophylactic  appendectomy,  could  not  be  avoided.  Certain
iseases  such  as  adenitis  [13]  and  typhoid  or  tuberculous
leitis  are  causes  of  diagnostic  errors.  We  encountered  one
ase  of  tuberculous  adenitis  and  two  cases  of  ileitis  due
o  Salmonella  typhi. In  western  countries,  the  presence  of
rohn’s  disease  may  produce  these  indirect  signs,  which  is
hy  it  is  wise  to  emphasize  that,  despite  their  importance
s  demonstrated  in  this  study,  these  indirect  signs  of  appen-
icular  inﬂammation  must  be  considered  with  a  great  deal
f  caution,  and  taking  into  account  the  epidemiological  con-
ext,  the  clinical  symptoms  and  the  biological  signs.
onclusion
n  the  absence  of  CT  or  when  CT  cannot  be  performed  for
arious  reasons,  if  the  appendix  cannot  be  located  by  ultra-
onography,  the  diagnosis  of  appendicitis  can  be  directed
owards  ﬁnding  indirect  ultrasound  signs,  particularly  in  a
opulation  highly  disposed  to  appendicitis.  In  our  study,
hen  these  signs  were  associated,  they  had  a  positive  pre-
ictive  value  of  95.7%,  sensitivity  of  83.9%  and  speciﬁcity
f  85.7%.  We  recommended  that  ultrasonographers  should
ystematically  look  for  pain  on  compression,  thickening  of
he  peritoneal  fat  and  localised  hypokinesia  of  the  digestive
oops  when  exploring  the  RIF  for  suspected  appendicitis.  Of
hese  indirect  signs,  the  most  speciﬁc  is  hypertrophy  of  the
eritoneal  fat,  and  the  sign  with  the  highest  negative  pre-
ictive  value  is  pain  on  compression  of  the  RIF.  However,  it  is
mportant  to  point  out  that  in  a  not  insigniﬁcant  proportion
f  cases  (20.3%),  these  indirect  signs  may  be  related  to  an
leocaecal  pathology  without  being  speciﬁc  to  appendicitis,
nd  cannot  be  alleged  to  have  the  same  diagnostic  value  as
he  direct  signs  of  appendicitis.
[N.  Kouamé  et  al.
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